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ABSTRACT 

Research findings are reported concerning the extent 
to which writing assignments in contrasting examples of upper 
elementary science curriculum materials are likely to engage students 
in higher order thinking and problem solving, and to facilitate 
meaningful learning of scientific concepts. Organized around a common 
set of elaborate framing questions which are appended, critiques 
focused on three types of curriculum materials: a commonly used 
curriculum series in the elementary grades; another widely used 
series that contrasts with the first in organization and sequencing 
of content and/or methodology for teaching content; and two or more 
distinctive curricula selected for emphasis on higher level thinking 
or problem solving in the content area. Discussion focuses on the 
following topics: (1) a rationale for the curriculum materials study; 
(2) study methodology and the analysis of v^riting assignments in 
science materials; (3) contrasts in goals and subject ma*-',er content; 
(4) the form and function of writing assignments; (5) the function of 
the written assignments in the learning process; (6) how writing 
assignments provide different learning opportunities; and (7) using 
text materials to bring about meaningful learning. (RH) 
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Overview 



The research reported in this paper comes out of one of a series of 
studies undertaken by the Center for Learning and Teaching of Elementary 
Subjects. The Center's five years of research and development focus on 
elementary level (grades K-6) teaching and learning of mathematics, science, 
social studies, literature, and the arts (music and art), with particular 
emphasis on the teaching and learning of higher level thinking and problem 
solving in each content area. One three-year study involves analysis and 
critique of both commonly used and distinctive curriculiim materials and 
assessment devices in each content area. The critiques include a content 
analysis of curriculum materials as well as a comprehensive, integrated, 
qualitative analysis of intended student outcomes, instructional methods and 
activities, and the ways in which student progress is assessed. The purpose 
of the study is to provide descriptive information and suggestions for 
improved design and use regarding the range and nature of curricula available 
to classroom teachers interested in teaching for higher level thinking and 
problem solving in each content area. 

This paper reports on preliminary findings from one aspect of the larger 
study, the extent to which writing assignments in contrasting examples of 
upper elementary science curriculum materials are likely to engage students in 
higher order thinking and problem solving and to facilitate meaningful 
learning of scientific concepts. 
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What Can Be Learned Froni Another Curriculum Materials Study? 

Current critiques of curriculum materials, particularly of the commonly 
used textbook series, focus on features such as the quality of the writing in 
the text (Davison & Kantor, 1982; Graves & Slater, 1986), the overall textbook 
design such as use of photographs and illustrations (Woodward, 1988) or the 
selection and organization of subject matter content (Armbruster & Anderson, 
1983; Beck & McKeown, 1988; Calfee & Chambliss, 1988; Campbell & Fey, 1988; 
Elliott, 1988; Elliott & Nagel, 1987; Elliott, Nagel & Woodward, 1985; Larkins 
& Gilmore, 1987) . These studies make apparent many problems with the content 
of student texts, such as coverage of too many topics, lack of depth of 
coverage, boring and superficial coverage, lack of conceptual focus on 
content, lack of clarity in relation to instructional goals, and inadequate 
explanation of important concepts. It is argued that such problems with the 
content in student texts make teaching for higher order thinking and problem 
solving in the subject areas very difficult. Without a effective content 
treatment in the text, the argument goes, how can teachers do a good job? 

Understanding curriculum in a classroom requires examining more than 
just the content selection, organization, and explication in the text 
materials students read. Curriculum materials and assessment devices also play 
important roles in determining teaching methods used to teach the subject 
matter and ways in which student learning is assessed (Porter et al., 1986; 
Roth, Anderson & Smith, 1987) , While our analysis of curriculum materials 
necessarily focuses on studying the organization and structure of subject 
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matter content, we are particularly interested in learning more about the 
communication processes related to classroom teaching and learnina that are 
embedded in the materials^ That is, when the student text is used in the 
classroom along with suggested activities and assignments in the teacher's 
manual, to what extent would this enacted curriculum promote student 
understanding and higher order applications of the subject matter? 

Why is this an important question or a different question than the 
content analysis that has typically been the focus of inquiry in curriculum 
materials studies? Teaching and learning activities that center around 
curriculum materials (e.g., reading, writing, discussion, drawing, forms of 
play) are both cognitive and social acts where communication or language is an 
important mediator between one's thought and action (Vygotsky, 1962). It is 
through speech (or other forms of communication) that children can realize and 
express intentions and purposeful action through symbolic representation 
(Vygotsky, 1978) . Thus, focusing on communication processes is a way of 
understanding the underlying communication system that develops in a 
classroom, which shapes a great deal of the instruction that occurs (Barnes, 
1979; Cazden, 1986). At the same time, foe. ing on the substance of the 
communication, the subject matter content, reveals ways in which the content 
of instruction shapes ongoing communication. Focusing on communication 
serves the dual function of looking .at what is intended in communication, and 
what actually gets communicated (Hymes, 1980) . 

A broader analysis of curriculum materials that goes beyond mere 
examination of content selection, organization and explication in student 



texts brings us closer to envisioning and understanding the enacted curriculum 
that would result if teachers follow the guidelines given by the authors of a 
curriculum series and use the supplementary materials provided with the 
series. This in-depth consideration of curriculum materials affords greater 
opportunity for researchers to identify strengths and suggest improvements 
that go beyond rewriting the material students read in the text. Therefore, 
our analysis of the curriculum materials focuses on describing both the forms 
of communication embedded in the materials (the amount and nature of 
discourse, various kinds of writing and drawing activities, forms of play such 
as creative dramatics or role playing, ways in which teachers assess student 
progress) as well as studying how those particular forms are likely to 
func^j.on in providing occasions for elementary students to engage in (or learn 
to engage in) higher order thinking and problem solving in the five siibject 
areas. 

This paper reports on one set of preliminary findings from the larger 
study, providing examples and discussion of way? in which one communication 
process, writing, is used in two contrasting sets of upper elementary level 
science materials. The use of instructional discourse to improve classroom 
learning has long been advocated (e.g., Baiijes, 1976; Cazden, 1986), and many 
researchers are beginning to identify more specifically the qualities of 
discourse that are particularly effective in improving subject matter learnin^; 
(e.g., Atwell, 1984; Lampert, 1988; Nystrand, 1988). Moreover, the use of 
writing assignments in content area learning is often promoted as a valuable 
form of instructional discourse and an effective teaching tool (e.g., Ammon & 
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Aimnon, 1987; Britton et al. , 1975; Calkins, 1986; Emig, 1977; Langer & 
Applebee, 1987) . To provide further insights into this issue, findings from 
analysis of the writing assignments in two pieces of curriculum materials 
illustrate the extent to which these assignments are likely to facilitate 
development oi" higher order thinking and problem solving in science. 

Methodology 

Materials Selection 

Center researchers are studying both typical and distinctive curriculum 
materials in five content areas where such materials are available. Critiques 
focus on three types of curriculum materials: a commonly used curriculum 
series in the elementary grades (based on overall nationwide sales and 
teachers' reports of their use); one other widely used series that contrasts 
with the first one in its organization and sequencing of content and/or 
methodology for teaching the content; and two or more distinctive curricula 
selected for the authors' intended emphasis on higher level thinking or 
problem- solving aspects of the content area. We focus on these three types of 
curricula to provide an analysis and description of the range of ways to 
organize and sequence content, and the accompanying communication processes 
designed to facilitate conceptual level understanding of the subject matter. 
Contrasts across the three types can help define strengths and limitations of 
ways to organize subject matter content and identify various communication 
processes used to help students comprehend the subject matter. 
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Analysis of Materials 

The research team developed a coromon set of framing questions organized 
around eight categories that provide a structure for researchers to follow in 
their critiques of curriculum materials within the five subject areas (see 
Appendix A) • This set of framing questions will also be used to facilitate 
comparison and contrast along common dimensions across the subject areas. The 
first category, goals, includes questions about the the series as a whole, 
seeking descriptive information and evaluative judgements about the nature of 
the goals, their clarity, and the interrelationship among different kinds of 
goals* The next three categories each include key questions seeking 
descriptive information and evaluative judgements about the subject matter 
content: selection; organization and sequencing; and explication. Questions 
about content selection, organization, and sequencing are being applied to the 
series as a whole as well as to more detailed analysis of smaller pieces of 
the series. Questions about content explication in the text require detailed 
examination of smaller pieces of the series so they are being used with 
commonly used materials at the second and fifth grade levels^. 

To capture the interactive nature of the way curriculum materials might 
be used in teaching and learning activities, researchers developed questions 
seeking descriptive information and evaluative judgements for three additional 

^ The second and fifth grade levels were chosen to correspond with those 
chosen for another of the Center's studies in which panels of experts 
critiqued the same materials. Researchers wanted to study materials from both 
early elementary and upper elementary levels. 
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categories: teacher- student relationships and classroom discourse? activities 
and assignments; assessment and evaluation* An eighth category, directions to 
the teacher, includes questions about the amount and nature of support that 
the materials provide to the teacher for becoming familiar with and 
implementing the curriculum. Questions in the latter four categories are being 
applied to commonly used materials at the second and fifth grade levels. 
Decisions about application of the questions to distinctive materials are 
being made based on the nature of the materials, since some of them include 
materials for only one or two grade levels instead of the K through 6 
spectrum. 

Since the analysis is primarily qualitative, researchers are using the 
framing questions to guide their inquiry as they work back and forth between 
study of the materials on a general level across all the grades and study of 
particular units of instruction within grade levels. This includes, for 
example, considering questions about specifics such as activities and 
assignments in light of questions about the series' stated goals, or questions 
about the content selection and organization in the series. Researchers also 
work back and forth across and within particular categories of questions, to 
consider the interaction between the subject matter content (questions about 
content selection, organization and sequencing, explication) and the 
communication processes (questions about teacher- student relationships and 
classroom discourse, activities and assignments, assessment and evaluation) . 
To develop defensible ar.swers to the framing questions, general impressions 
are recorded, particular instances and examples are noted, discrepant cases 
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that might dispute generalizations are sought, and generalizations are 
modified as evidence is more closely studied and evaluated. In addition, 
contrasts between commonly used and distinctive materials are noted, and use»d 
to sharpen the level of detail at which researchers further examine materials • 
Analysis of Writing Assignments In science Mate r^.als 

Of particular interest to the findings reported in this paper are 
framing questions pertaining to communication processes and ways in which 
these processes help students understand the subject matter content. 
Descriptions of and evaluative judgmcants made about writing assignments were 
developed by using framing questions in three categories: teacher- student 
relationships and classroom discourse, activities and assignments, and 
assessment and evaluation. In particular, two questions listed under F-6 (see 
Appendix A) were the overarching framing questions for this portion of the 
analysis: To what extent do activities and assignments call for students to 
write beyond the level of a single phrase or sentence?; To what extent do the 
chosen forms engage students in higher order thinking? To avoid making 
judgements about the writing assignments out of context, framing questions F-6 
were used in relation to what was learned from using the overall sets of 
questions about communication processes. Thus, the chosen form of the 
assignment (e,g,, essay, interview, report, worksheet) and the way writing 
assignments related to surrounding activities (e,g,, discussions, projects, 
reading assignments) was considered, in addition, the topics for the writing 
assignments were evaluated in light of questions about subject matter content 
(selection, organization and sequencing, and explication) , In particular, the 

10 

ER?C « 



extent to which a writing assignment seemed likely to help students understand 
a particular topic at a particular point in a lesson series was considered, as 
well as cons'iering the nature of thinking involved in creating the written 
product (e.g., factual recall, open-ended exploration, synthesis of ideas, 
analysis of ideas, critique of information). 

Three categories from Applebee and Langer's (1987) study of the 
functions of writing in secondary classrooms were used to identify the major 
function of each writing assignment: 

1. To draw on relevant knowledge and experience in 
preparation for new activities 

2. To consolidate and review new information and 
experiences 

3. To reformulate and extend knowledge (p. 41). 

Langer and Applebee make the case that while these three functions also 
describe general pedagogical functions and do not uniquely pertain to writing, 
they are useful categories for focusing on the way knowledge is used. The 
first category, called "elicit prior knowledge" in this study, refers to 
writing assignments that are used to bring out what students already know 
about a topic (stimulate interest, remind them of their knowledge, assess 
their prior knowledge) . The second category, called "consolidate and review 
knowledge" in this study, typically involves getting students, through various 
writing activities (journals, summaries, note- taking, study exercises), to 
review new learning, especially new information. The third category, called 
"reformulate and extend knowledge" in this study, involves using writing as a 
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tool to get students to reflect on and reorganize their knowledge. This kind 
of writing reauires knowledge use such as figuring out how to classify 
information, tracing cause and effect, explain motivation, or speculate about 
future developments. 

Findings from analysis of writing assignments in two pieces of 
curriculum (chapters on plants that both include the topic of photosynthesis) 
in one subject area (science) are discu^^sed in this paper. One piece is a 
chapter (student text and teacher's guide) in a fifth grade life science unit, 
"Discovering the Plant and Animal World," published by Silver Burdett & Ginn 
in a commonly used text series, Science (Mallinson et al., 1989). Entitled 
"Activities of Green Plants," the first chapter is divided into five lessons 
(Plants and Animals are Alike; Transporting Materials; Food Making in a Leaf; 
Using the Energy in Food; Producing New Plants) and ends with a review 
section. The second piece is a set of materials (student text and teacher's 
guide) entitled "The Power Plant" developed for use with middle school 
students by researchers and published by the Institute for Research on 
Teaching (Roth & Anderson, 1985) . The student text is divided into four 
chapters (Introduction: What is Food?; Using Experiments to Find Out About 
Food for Plants; How Plants Use Sunlight to Make Their Own Food; Using Your 
Knowledge About Food for Plants) . 

Thetxe two pieces were chosen for discussion in this paper for several 
reasons. First, their topic treatment has sufficient overlap to enable 
comparison of goals and subject matter content (selection, organization and 
sequencing, explication) . The commonly used series treats the topic of 
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photosynthesis within the broad context of learning about "Activities of Green 
Plants," and therefore teaches about photosynthesis as one of a series of 
topics in the chapter (e.g., life processes; transporting materials in plant; 
respiration; plant reproduction) , The second piece of curriculum specifically 
focuses on the topic of "Food for Plants" throughout the lesson ser.es, and 
therefore teaches about photosynthesis in the context of what it has to do 
with the scientific concept of food (e.g., what is food; how to find out about 
food; using knowledge about food) • A second reason for selecting these two 
pieces of cuririculum is that both contain some writing activities to enable 
comparison of how writing is used to help students learn the central concepts. 
Third, both sets of materials are intended for use with upper elementary 
students. Fourth, they are examples of the two main types of curriculum 
focused on in this study. One piece is from a commonly used text series, and 
therefore represents curriculum materials that are typically available to 
classroom teachers and are reported to be used by them. If teachers' claims 
are accurate, then the enacted curriculum resulting from using this series 
might be considered what is "typical" around the nation. The other is an 
example of what the research team has defined in this study as "distinctive" 
in that its authors intended to provide alternative materials for teachers 
designed to make their teaching more effective than it would be if they used 
materials commonly available to them. Specifically, the authors intended to 
provide more adequate treatment of a difficult scientific concept 
(photosynthesis) in the student text and more effective teaching strategies 
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(described in the teacher's guide) for bringing about meaningful understanding 
of the concept. 

Findings 

Analysis of the writing assignments in the two pieces of curriculum 
necessarily started with a content analysis, since assignments require 
students to write about subject matter content. Although a content analysis 
is not the focus of this paper, a brief summary of the goals and content in 
the materials will be given before discussing the writing assignments. 

Contrasts in Goals and Subject Matter Content 

Goals 

The goals for each piece of curriculum, despite some similarities in 
topic coverage, are quite different. The widely used series has broader goals 
that are stated in general terms. For example, the goals for the entire unit 
"Discovering the Plant and Animal World" are to "...provide the students with 
basic knowledge of how plants and animals function and the interrelationships 
that exist among living things." As more specific goals are listed for each 
chapter, the language is still general, using terms such as "acquc^.ints the 
students" and "gain an understanding of" the topics specified. Objectives 
within chapter 1, "Activities of Green Plants," include having students use 
their knowledge in the following ways: discuss, identify, name, list, 
describe, explain, trace, and compare and contrast. Most of these objectives 
(e.g., discuss, identify, name, list, trace, compare, contrast) do not make 
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clear what students will do with the knowledge they are "provided with" in the 
everyday world other than to describe or explain. 

In contrast, the authors of "The Power Plant" materials offer a lengthy 
introduction to the series of lessons in which they reject the traditional 
notion of thinking of learning in science as absorbing or memorizing 
scientific content* Instead their goal is to bring about conceptual change in 
students by helping students "reassess and change their commonsense, everyday 
understandings of the world. abandon their misconceptions or habits of 
thought that have served them well all their lives in favor of new and 
unfamiliar ideas." Moreover, as students begin to replace their naive ways of 
thinking with scientifically correct views, they are expected to use their 
knowledge to explain and predict scientific phenomena. Thus, the authors want 
students to be able to go beyond recall of information or mere description 
(e.g., discuss, identify, name, list, trace, compare, contrast) to being able 
to use it to explain and predict things in the world around them. 
Subject Matter Content 

Concept mapping of the central concepts (and accompanying details 
included in the text) in each piece of curriculum was a useful tool for 
comparing the content. One contrast that emerged througn the comparison is in 
the amount of information each set of materials covers. It provides a good 
illustration of the issue of "depth versus breadth" of coverage that is often 
mentioned in content analyses. Figure 1 shows the central concepts and 
accompanying scientific terminology included in the five lessons of 
"Activities of Green Plants," and is a good example of the breadth of coverage 
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that is typical in textbooks. The darker' circles represent the main ideas 
included in the text material, and the central idea of each lesson is numbered 
inside the appropriate darkened circle on the map (lesson l--life processes; 
lesson 2- -transporting parts of the plant; lesson 3— photosynthesis; lesson 4- 
-respiration; lesson 5- -plant reproduction). Another point worth noting is the 
number of scientific terms included in the text in five lessons; each lesson 
topic is taught through the use of extensive scientific vocabulary. 



Insert figure 1 about here 



Figure 2 shows the same aspects for "The Power Plant" materials: central 
concepts, scientific terminologi', and central ideas of each chapter. This set 
of materials is an example of covering a fewer number of topics in greater 
depth. Depth refers to emphasis on understanding relationships among concepts 
rather than emphasizing the scientific vocabulary associated with the 
concepts. For example, in lesson 3 of "Activities of Green Plants" 
(represented in figure 1 in the circle labeled photosynthesis) , scientific 
terms (e,g., chloroplast, chlorophyll, stomata, veins, hydrogen gas, carbon 
dioxide) are used to explain the process of photosynthesis. In contrast, in 
"The Power Plant" materials (see figure 2) , more everyday language is used in 
explanations (e,g,, food stored in plant cells), and the materials do not 
discuss photosynthesis at a molecular level. 
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Insert figure 2 about here 



Thus, a striking difference between the two pieces of curriculum is the 
amount of content coverage. "Activities of Green Plants" covers a vast amount 
of information per lesson. The overarching concept for the chapter is "life 
processes" and three of those (getting food, releasing energy, and 
reproducing) are given emphasis in subsequent lessons. "The Power Plant" 
covers less information overall, and centers around the overarching concept of 
the scientific definition of food. Moreover, "The Power Plant" concepts are 
emphasized across chapters so that the information from one chapter is used in 
another (see chapter numbers listed with concepts in figure 2) . These kinds 
of connections across lessons are only emphasized in the "Activities of Green 
Plants" chapter across lessons 2 and 3 (transporting materials in the plant 
and photosynthesis) and photosynthesis in lesson 3 is briefly contrasted with 
respiration in lesson 4. In "The Power Plant," the scientific definition of 
food is emphasized as a key concept to connect ideas in chapters 1, 2, and 4 
(see figure 2) . Also, connections among concepts are emphasized, so that 
chapter 4 emphasizes how the scientific definition of food is related to food 
stored in plants, and how the food stored in plants is related to 
photosynthesis. Thus, in addition to contrasts in the amount of information 
treated, the two sets of materials contrast in the importance and emphasis 
they place on the way concepts are related to each other. 
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How Knowledge Is Used 

When curriculum materials provide students and teachers with activities 
to complete (e.g., discussions, projects, experiments, worksheets, writing 
paragraphs, group work), they are providing ways for students to use subject 
matter knowledge. Since the focus of this paper is on writing assignments, 
this section addresses the issue of how knowledge is used in writing 
assignments in the curriculum materials. 

The Form and Function of Writing Assignments 

Neither set of materials contains any required extended writing 
assignments. "Activities of Green Plants" suggests a few options to the 
teacher for enrichment activities, or for "interested students," but does not 
build extended occasions for writing into the lessons. It also has a section 
prior to the chapter labeled "Science Springboard" in which some general 
writing assignments are suggested (e.g., have the students pretend they are a 
plant for a day, research its characteristics and needs, then write two 
paragraphs about what would happen or what the plant would need; summarize a 
news article in correct sequence; write new verses to a song about plants) . 
However, there are no guidelines given as to when and how the assignments 
might be used most effectively, and the topics seem distantly connected with 
the lesson topics. The introductory pages in the volume also include a page 
entitled "Writing and Thinking in the Science Curriculum," where an overall 
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suggestion is made to have students write learning logs throughout the 
lessons- -before starting a lesson, as a place to ask questions, recording 
thoughts and ideas iromediately after a lesson- -to record and develop their 
ideas • It is also suggested that students share their learning logs on a 
regular basis. However, this page in buried among several other introductory 
pages and there is no further mention of the logs anywhere in the text, so 
that unless the teacher is motivated to implement their use and can identify 
strategic times to get the most out of using the logs as a tool, it seems 
likely that this suggestion will not be forgotten along the way. 

The most common form of writing used as part of the chapter materials in 
"Activities of Green Plants" is the worksheet. Eight copymaster worksheets are 
provided with the materials for the five lessons in chapter 1. These come in 
the form of four skills sheets that work on skills such as vocabulary 
readiness, vocabulary comprehension, sequencing of ideas, and distinguishing 
between an observation and an inference. In addition, one activity worksheet 
is provided for use with a lab activity, where students are asked to record 
their observations when they look at a leaf, and speculate about what would 
happen to the leaf in a different situation. A "Take-Home Science" worksheet 
is provided for use with an experiment students can do at home; students are 
asked to record their observations, and explain why a particular procedure was 
used. One "Challenge/Critical Thinking" worksheet is provided which focuses on 
the topic of carnivorous plants, a topic that was briefly discussed in a boxed 
in area in lesson 2. Students are directed to read a paragraph at the top of 
the page about carnivorous plants, and then asked to answer questions whose 
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answers can be found in the reading* Finally, a two-page "Chapter Checkup" 
worksheet is provided that contains factual recall questions about main ideas 
in the chapter. 

In the teacher's manual, there are also end -of -chapter questions 
provided for teachers to use during the "reinforcement" segment of the lesson 
(following a "motivation" and a "concept development" section) , These 
questions, like the Chapter Checkup worksheet questions, are factual recall 
questions about main ideas (e.g., what is a cell?; How do green plants get the 
materials they need to make food?) . Responses to the questions on the 
worksheets generally require single words, phrases, or one to two sentences. 
There is no direction given to the teacher as to what to expect from the 
writ:en assignments, or how to use them for further planning or assessment of 
sti'.dent learning. 

"The Power Plant" student text is written in workbook format, with an 
interactive style of asking students to read, think about questions raised in 
the text, write down their ideas (o.g., record their current thinking about a 
topic, make a prediction, use something they have learned to answer a new 
question) , continue reading (accompanied by class discussion of the text) , and 
to revisit their previous written ideas and decide if and how these ideas have 
changed. Responses to the questions or problem situations posed generally 
require single words, phrases, or short paragraphs. The teacher's manual 
contains detailed information for the teacher about probable student 
responses, and ways to help students clarify their thinking. The authors 
encourage teachers to pay attention to student responses as indicators of 
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their current understanding of concepts and as information for the teacher as 
to what needs further emphasis. 

In the analysis of both sets of materials, drawing sketches and diagrams 
or labeling a drawing is included as a writing assignment, since the focus of 
this analysis is on the function of assignments that require students to 
record their ideas in written form. Moreover, subject areas such as science, 
mathematics, art and music lend themselves to using graphic representation for 
ideas in much the same way that written words function in social studies and 
literature. 

The Function of the Written Assignments in the Learning Process 

The written assignments in these two pieces of curriculum may appear to 
be similar, since their form requires single word and short- answer responses. 
When thay are examined for the way the assignments are likely to function in 
helping students develop their knowledge and understanding of the concepts, 
there are some major contrasts. The three types of functions of knowledge in 
writing assignments previously discussed (see p. 9) were used to analyze and 
categorize the writing assignments in the two pieces of curriculum. Since 
"The Power Plant" student text is in an interactive workbook format that 
intersperses short writing tasks with reading and discussion (instead of the 
more typical pattern of assigning a worksheet at the end of a lesson) , there 
are instances when asking for a single answer or phrase is counted in the 
analysis as one "assignment/' The reason for this is that the writing task, 
regardless of how short, functions in a particular way in the learning 

21 

Er|c 19 



process. Likewise, the worksheets in "Activities of Green Plants" each 
counted as one assignment, since they would typically be assigned to be 
completed as one assignment, and their full completion would serve a 
particular function in the learning process, 

"Activit ies of Green Plants" Writing Assignments. Summarized in table 1 
are the functions of writing assignments in "Activities of Green Plants," Of 
the 15 required (i.e., included as a regular part of the curriculum and not 
labeled as "extra" or "optional") and 4 optional assignments, 1 is used to 
elicit students' prior knowledge. Another form of eliciting prior knowledge 
that is used quite extensively in the chapter is included regularly the 
"motivation" section at the beginning of each of the tive lessons. The 
students are asked to think about the lesson topic in a certain way, and this 
discussion is used to launch the lesson topic. In the case of lesson 2 
(Transporting Materials), the students were asked, in groups, to examine a 
small green plant that has been removed from the soil and washed. The focus 
of the examination is on asking students to determine how materials such as 
air and water might enter the plant. Students are asked to hypothesize how 
this might occur, and then sketch their plant and show how water and air might 
enter the plant. Thus, student' prior knowledge is typically elicited at the 
beginning of each lesson, and in the case of lesson 2, this was accompanied by 
a writing task. There is no mention of this piece of writing again, even at 
the end of the chapter in the "reinforcement" section of the lesson when the 
teacher is directed to return to the "opening question" of the lesson: "How do 
green plants transport the materials needed for food?" In parentheses the 
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answer is given, but no mention is made of having students return to their 
drawings to discuss or focus on differences in their thinking. 



Insert table 1 about here 



Of the 15 required and 4 optional writing assignments, "Activities of 
Green Plants" contains 11 required and 2 optional writing assignments that 
require students to consolidate and review their knowledge. As previously 
mentioned/ each lesson has questions on the Chapter Checkup worksheet that 
students can complete as they go through the chapter or at the end. The 
manual directs the teacher to have the students complete the pertinent 
questions at the end of each lesson. These questions require mere factual 
recall, such as: "What three things do green plant need to make food?"; 
"Define the term photosynthesis." These kinds of questions mirror the 
suggested discussion questions teachers are to pose during lessons as well. 
For example, after reading the description in the text on photosynthesis, the 
teacher is directed: "To insure that the students understand the process of 
photosynthesis, ask: What does the chlorophyll do to sunlight? What two gases 
does the water become? What happens to the oxygen? what two gases join? What 
is made? What is this process called?" (Teacher's Manual, p.l4) . Thus, the 
major type of knowledge use in the text, through discussion, and through 
follow-up written work after discussion and activities is to consolidate or 
review the specific terms that were used. Students could perform well by 
simply giving back the content of the text. 
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Of the 15 required and 4 optional writing assignments, there are 3 
required and 2 optional assignments that engc^e students in reformulating and 
extending their knowledge. For example, at the end of chapter 1 after 
students have learned about the three basic needs of all living things, and 
after they have completed that Chapter Checkup questions pertaining to this 
topic (e.g., "Name three things that plants and animals need to stay alive."), 
they are asked to apply that knowledge to a particular situation. The 
assignment is to list important items needed in a survival kit. The teacher 
is then directed to "point out" that people can survive for as long as a month 
or more without food, but would die without water within a week and would die 
without air in minutes. No mention of this assignment or its application to 
later lessons is made in the chapter. 

A second required assignment that gets students to reformulate or extend 
their knowledge is a "Take -Home Science" Worksheet assigned at the end of 
chapter 4 (Using the Energy in Food) . Students are directed to do an 
experiment aimed at helping them answer the question, "Is the water used by 
plants renewable?" After doing the experiment, they are asked to report their 
observations ("Do plants put water back into the air? How doe you know?"), and 
to explain one of the procedures used in the experiment ("Why was the lollipop 
stick placed in one of the tumblers with the water?") . Although this activity 
and worksheet were apparently designed to illustrate to students one of the 
features of respiration emphasized in the book (water is produced and given 
off), no mention is made of how this activity relates to respiration, or of 
any follow-up discuasion that might take place. 
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A third required written assignment designed to get students to 
reformulate or extend their knowledge is a skills worksheet asking students to 
look at a diagram of flower parts • Statements about the diagram are listed 
under it and students are asked to label the statements as either an 
observation or an inference. At the bottom they are asked to write one 
observational statement and one inferential statement about the diagram. This 
task goes beyond the typical naming and labeling that students are asked to do 
in the chapter, and asks them to critically appraise the nature of the 
information they are dealing with* 

The two optional assignments that require students to reformulate or 
extend their knowledge are not very closely tied to the chapter's content. 
They are cast as possible activities for "interested students/* who would 
research the topics, write a short report, and share them with the class. One 
topic is finding out more about carnivorous plants- -where they grow, and what 
mineral is usually lacking. This ties in with the chapter's discussion of 
materials that plantcS transport (minerals are transported through water) , and 
focuses on differences between how carnivorous plants get minerals compared to 
other plants. However, it seems to be included luore because it might be an 
interesting topic to children than because it helps children understand the 
concepts in the chapter. A second optjonal topic for research in lesson 5 is 
for students to find out about hay fever- -what time of year s^onptoms of the 
allergy usually occur and why. Again, it is tangentially connected to the 
study of plant reproduction, but does not provide a way for students to deepen 
their understanding of the main concepts in the lesson. 
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Of those assignments ^jrovided to help students reformulate and extend 
their knowledge, only one (creating the survival list) focuses on helping 
students make connections or reorganize their knowledge about central concepts 
covered in the chapter. In the majority of the 19 po£.sible assigp'nents, 
students are mostly asked to recall central concepts through tasks asking them 
to review their knowledge, and this kind of writing activity is supported by 
discussions that do the same. Moreover, the 19 assignments are unconnected; 
no mention is made in the teacher's manual or the assignments themselves of 
previous written work or previous activities and how one might build on 
another. 

"The Power Plant" Writing Assignments. Shown in table 2 are the 
functions of writing assignments included in "The Power Plant" student text. 
These materials contain a different pattern of writing activity compared to 
the "Activities of Green Plants" materials. Of the 20 assignments (all 
required as part of the interactive workbook format), 8 are used to elicit 
prior knowledge, 2 are used to consolidate and review knowledge, and 10 are 
used to reformulate and extend knowledge. Moreover, there is a pattern of 
asking students (as part of the assignment) to look back at their previous 
work to examine what they thought earlier in the lesson series, and to ask 
them to rewrite or revise their thoughts in written form. Thus, writing 
serves the function of providing a written record that students and teachers 
can use to examine and later revise or change as the learning proceeds. It is 
built into the workbook format that the assignments connect and will be used 
in a connected fashion. 
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Insert table 2 about here 



In chapter 1 (Introduction) students write down their preconceptions of 
what food for plants is and learn about the scientific definition of food* In 
chapter 2 (Using Experiments to Find Out About Food for Plants) they are given 
instances in which they are asked to decide what is or is not food for plants* 
These instances are based on the authors' research about what students 
typically think is food for plants (e.g., soil, minerals, water). Table 2 
shows the pattern of using writing to elicit students' prior knowledge about 
food for plants (4 instances of asking them to write down their current 
knowledge in chapter 1) , and asking them to begin immediately to apply the new 
knowledge they have learned (the scientific definition of food) to test out 
their understanding of the concept ( 2 instances in chapter 1 of asking 
students to revise and apply their definition of food as they learn, and 3 
instances in chapter 2 of making predictions about whether soil, minerals or 
water are food for plants) • Thus, application tasks are part of concept 
development in these materials, which contrasts with the pattern of the 
"Activities of Green Plants" materials that provide application tasks after 
concept development. 

Chapter 3 continues to elicit students' prior knowledge about further 
concepts introduced (movement of food in plants) by asking students to label a 
diagram provided. Then another kind of writing activity is introduced. 
Students are asked to fill in a chart in which they are asked to "sort out" 
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what goes into and out of the "leaf factory" (a leaf making food for plants) . 
They are asked to list what goes in the plant, and for each substance on the 
list they also are asked the following questions: "Does it contain energy? Is 
it food for the plant? Is it needed for photosynthesis?" For those materials 
going out they are asked: "Does it contain energy? Is it food for the plant? 
Is it needed by plants?" This chart requires students to do more than merely 
recall what the student text has explained. It requires them to make sense of 
and organize their knowledge in a particular way, and to think systematically 
about the various materials they have learned about. It is more than a reading 
comprehension or recall task. The extent to which students' can correctly fill 
in the chart is also useful feedback for the students and the teacher about 
their current understanding. This task is quite different from the questions 
asked in the worksheets in "Activities of Green Plants" where students are 
simply asked to name items, or to put the steps of photosynthesis in a 
sequence. 

Following the consolidation and review task in chapter 3 of "The Power 
Plant," students are once again asked to apply their newly- consolidated 
knowledge to explain three situations. One situation asks them to return to 
an experiment they had previously read about and discussed in the text and 
explain something about it. A second set of situations asks them to use their 
newly- learned concept of photosynthesis to explain three situations. The 
teacher is directed in the manual to listen carefully to a discussion of the 
students' answers to detect the presence of misconceptions, and to make sure 
they require students to explain and clarify any answers they give. Thus, the 
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activity serves as an opportunity for students to use the knowledge they have 
learned, and as an opportunity for the teacher to assess students' current 
under s tanding . 

Chapter 4 is geared toward providing opportunities for students to 
continue practicing application of their newly- consolidated knowledge, and for 
the teacher to continue to assess understanding. This gives both an 
opportunity to clarify information/ and to continue work on understanding if 
necessary. Another chart is provided for students to use to compare their 
understanding of food for plants with their understanding of food for humans 
(discussed in the opening chapter) . Again, the chart serves as a means for 
students to organize (or reorganize) their thinking about the concept of food 
for plants. Finally, students are asked to return to their original 
definition of food for plants (their beginning writing assignment) to 
determine how they would change or add to their original definition to make it 
more accurate. They are also asked to do the same with the diagram they 
labeled. This fosters student reflection about their own understanding, and 
provides a concrete means for them to see how they have reformulated, 
reorganized, and extended their understanding. 

The writing tasks included in "The Power Plant" materials function as a 
pedagogical tool to help students throughout the learning process: (a) elicit 
and become aware of their own knowledge; (b) consolidate and review new 
information as they learn it so they have a way to organize it and make sense 
of it; and (c) reformulate and extend their knowledge in relation to their 
prior beliefs and understanding. For teachers, the writing tasks make each 
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student's understanding explicit so they know where work is needed, and can 
provide the necessary support for continued learning. These materials are an 
interesting example of ways in which brief writing tasks can be used as 
valuable teaching tools that promote understanding beyond mere memorization 
and recall ♦ 

How Writing Assignments Provide Different Learning Opportunities 

Authors of both sets of materials claim to facilitate active 
construction of meaning in learning science* However, given the emphasis in 
writing assignments in "Activities of Green Plants" on factual recall and 
review of basic vocabulary and facts versus the emphasis in writing 
assignments in "The Power Plant" on using well connected and well organized 
knowledge to explain and predict scientific phenomena, a different kind of 
learning would result from the use of these two pieces of curriculum. 

Figure 3 represents the contrasts in the two sets of materials' use of 
writing as a communication process (intended and enacted curriculum) , and the 
resulting learning (actual curriculum) that would take place. As represented 
in the top circle in figures 3a and 3b, the "Activities of Green Plants" 
chapter takes on a much larger chunk of disciplinary knowledge to teach in 
five lessons (also see figure 1) - - three life processes (food production, 
releasing energy, reproduction) and the specific explanations of how each 
occur in plants. "The Power Plant" materials (figure 3b) take on a much 
smaller chunk of disciplinary knowledge (also see figure 2) . The latter 
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focuses on one life process (food production in plants) in approximately six 
lessons. As previously discussed, these two sets of materials are a good 
illustration of the breadth versus depth of coverage issue, "Activities of 
Green Plants" materials must focus on covering a large amount of information 
to get through the three processes in five lessons, "The Power Plant" 
materials take on a more modest goal in six lessons and therefore can focus 
more on connections among major concepts and ways in which the information 
students are learning about can be organized. 



Insert figure 3 about here 



The middle circles in figures 3a and 3b represent the intended and 
enacted curriculum. In "Activities of Green Plants," writing assignments are 
mostly of one type and function mostly in one way- -to review newly learned 
information. They are not connected with each other, but instead are assigned 
as isolated tasks that are completed in a linear fashion across the chapter. 
Most of "The Power Plant" writing assignments function to elicit students' 
prior knowledge or to help them reformulate and extend newly- learned 
information by asking them to predict and explain phenomena. Assignments are 
used to consolidate and review at strategic times to help students clarify 
their own understanding and get ready to apply their understanding to explain 
or predict scientific phenomena. All three kinds of assignments are well 
connected by making use of work from on task in subsequent tasks. 
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The resulting student learning (actual curriculum circles in figures 3a 
and 3b) is different in nature. In the "Activities of Green Plants" chapter, 
students are taught to work with bapic information in a manner that requires 
recall of information, which is consistent with the stated goals and 
objectives in the series: identify, name, list, describe, explain, trace, 
compare and contrast. Of those objectives, very little explanation is called 
for in the actual work students are expected to complete; most of the work 
requires identifying, naming, listing, describing, and tracing. As long as 
students can give back the information in the text through discussion and 
written work, it is implied that "learning" has taken place. 

In "The Power Plant" materials, students are expected to make sense of 
the information in the text so that they can use it to explain and predict 
situations that are built into the curriculum, not just so they can recall it. 
Learning is measured in terms of ability to use it rather than to repeat 
information. Students are also expected to change their thinking, which is 
represented in figure 3b by the "prior knowledge*^ circle that contributes to 
the actual curriculum. Although the "Activities of Green Plants" chapter 
starts with students' prior knowledge as a motivational device (shown in 
figure 3a as input for the intended and enacted curriculum at the top), 
teachers are never encouraged to return to students' original preconceptions 
during the concept development phase of the lesson, but instead are directed 
to return to the original opening question at the end (during the 
reinforcement phase) , as though the question is important, but what the 
students originally thought about it is not. In contrast, "The Power Plant" 
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builds in reflection on prior knowledge and beliefs as an integral part of the 
learning process* Thus, the resulting learning is based on active 
construction of meaning- -sometimes extending knowledge and sometimes 
reformulating and changing it- -that takes in students' thinking as an 
important part of the learning process. This is consistent with the authors' 
stated goals of conceptual change and teaching students to use their 
scientific understandings to explain and predict phenomena. 

Using Text Materials to Bring About Meaningful Learning 

Findings reported in this paper suggest improvements needed in text 
materials that emphasize recall of information over meaning construction. 
There are also some implications for how curriculum materials typically 
available might be evaluated and used in classrooms. 

A major problem with the "Activities of Green Plants" materials is in 
their surface coverage of too much material. Looking at the amount of 

content included in the student text (see figure 1) makes it obvious that in 
five lessons (the typical length of a book chapter in these materials) it is 
not possible to teach for in-depth understanding of the concepts. Moreover, 
it is not possible to spend time emphasizing the connections among the major 
concepts when there is so much information to cover in the first place. One 
remedy for this problem is to be more selective in choosing teaching topics. 
The content choices in "The Power Plant" materials are an example of how this 
might be done. Instead of teaching briefly about plants carry out three life 
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processes, the materials emphasize one life process- - food making—in depth, 
and work at bringing out important connections among a limited number of key 
concepts* 

However, materials like "The Power Plant'* are not readily available to 
teachers on a wide array of topics. Teachers who must use materials that 
sacrifice depth for breadth of coverage must figure out ways to impose 
coherence on the subject matter content and emphasize connections among key 
ideas. This involves going beyond helping students develop a surface level or 
literal interpretation of the text or even a knowledge -based interpretation of 
it (Beck & McKeown, 1988) to also develop a "mental model" of the situation in 
which the information fits (Kintsch, 1986) • The developers of "Activities of 
Green Plants" did seem to have such a mental model in mind as they developed 
the five lessons, as evidenced in figure 1. They understood how tue chapters 
on transporting materials, food-making, and reproduction fit in with the 
introductory chapter on life processes- - they are key examples of life 
processes. However, they failed to find a way to communicate successfully 
that "mental model" to students through the text material and assignments. 
The text itself makes little reference to connections among topics. For 
example, the life processes introduced in lesson 1 are never mentioned again 
as the three examples of life processes- making food, releasing energy, and 
reproduction- -are discussed in subsequent lessons. Moreover, as the previous 
discussion in this paper makes clear, there is no attempt to make such links 
through the written assignments either. 
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Teachers could attempt to bring coherence and conceptual linkages to the 
materials as they are used by making more explicit to students, through 
discussion and activities and assignments, how the five topics covered in the 
five lessons fit together conceptually. They could point out the important 
connections to students, and ask students to revisit key ideas from one lesson 
and discuss how they relate to subsequent lessons. In addition, they could be 
selective about which key ideas and which details they emphasize in teaching 
the various lessons. For example, the lessons on transporting materials and 
photosynthesis mention several vocabulary words (e.g., veins, stomata, 
chloroplast, chlorophyll) that do not necessarily help students understand the 
main concept of how plants make their own food. Students do not necessarily 
need to know such words in order to understand the photosynthesis process and 
how it works. Such words and accompanying worksheets could be de-emphasized 
in favcr of focusing on comprehending the key concepts. Teachers may also 
need to supplement some concepts with additional materials (e.g., additional 
short readings, films, field trips, guest speakers) when the text does not 
adequately explain them. By developing a clear overview of the content for 
themselves, and by understanding which information covered in the text is a 
"big idea" and which is a "supporting detail" that may or may not be critical 
to understanding, teachers can make critical decisions about which content in 
the text to emphasize, and how to emphasize important connections among key 
concepts. 

By focusing on key ideas and connections among them instead of evenly 
treating a series cf details as though all the information is equally 
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important, teachers would then be pursuing understanding versus content 
coverage. This pursuit makes activity and assignment selection critical. 
Since most of the written assignments in the "Activities of Green Plants" 
materials are focused on getting students to recall facts, teachers would need 
to be selective in deciding which worksheets are worthwhile in helping 
students reformulate and extend their knowledge. If worksheets were used, 
they would need to be followed up with group discussions or other activities 
that help students use the knowledge they have reviewed by completing the 
worksheet for a meaningful purpose. The learning log that is mentioned at the 
beginning of the text (but never included as part of the flow of activities) 
is a potentially useful tool for helping students go beyond factual recall 
called for in the written assignments. Writing regularly in the log to ask 
questions, review central concepts, or use information to explain or predict 
situations could supplement or even replace the worksheets. Thus, teachers 
need to weigh the value of assignments on the basis of what they are asking 
students to do with the knowledge being taught, and make decisions about what 
an appropriate use is at a particular point in the learning process. 

Both sets of curriculum materials bypass opportunities to use extended 
writing assignments to develop understanding. Teachers could consider places 
in both lesson series where extended writing (e.g., essays, laboratory 
reports, research projects, interviews, letter-writing) would be an 
appropriate means of helping students construct understanding of a topic. 
Using extended writing assignments brings in additional instructional issues 
that must be considered, since students are still developing as writers and 
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need instructional support to complete the writing process as well (cf . Langer 
& Applebee, 1987; Rosaen, forthcoming; Scardamalia & Bereiter, 1986; Tchudi & 
Tchudi, 1983). Using extended writing in content areas as a means of helping 
students go beyond mere "knowledge telling" (Bereiter & Scardamalia, 1985) is 
fertile ground for improving learning opportunities, yet there is a great deal 
more to be learned about how to carry it out effectively. 

In summary, the ideal is for texts to contain content that is well 
selected to treat key topics in depth, organized to help students understand 
concepts and interrelationships among them, and explicated to help students 
construct understanding that goes beyond recall. In addition, there would be 
a balance in assignments in texts that would appropriately elicit students' 
prior knowledge, get them to consolidate and review their knowledge at 
strategic times, and focus on helping students reformulate and extend their 
understanding of key issues. Until this ideal is met in texts that are 
typically available to teachers, the tasks of imposing coherence on the 
content and pursuing understanding over content coverage through appropriate 
assignments and activities that get students to use their knowledge for 
worthwhile purposes are left to teachers. Careful study of text materials can 
reveal what the materials have to offer, and then teachers must figure out 
ways to use the text effectively to teach for understanding. 
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Figure 1: Subject Matter Content jn "Activities of Qreen PSants" Materials 
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Figure 2: Subject Matter Content in The Power Plant- Materials 




Table 1: Functions of Writing ilLBsigxuDGsits in "Activities of Green Plants" 



Ibtal: 15 required 
(4 optional) 


1 required 


11 required (2 opticmal) 


3 requixed (2 <^tional} 


Lesson 


Blicit Prior Knovledge 


HOW KNOWLKDGB IS TFSKD IN WRJTIKG ASSIGNMEJiTS 

Gon&olidate£ Reviesr I&iovledge Reformulate & Ertend 

K^otfledae 


1: Plants and 
Animals Are 




Reinforcement/ReviewK^hapter Checkup 


Reinforcntent/Review: 
Create list for 
survival kit 


2: Transporting 
Materials 


Motivation: Sketch of 

hypothysis describing 
hov plants transport 
materials 


Re in f or cewen t / Rev i ew Klhap t er Ch e c kup 
Reinforcement/Review rChallenge/Critical 
Thinking Worksheet 


Concept Development : 
(Optional) 
Research report on 
c am ivo rou s p Ian t s 


3: Food Making in a 
Leaf 




Concept Development: (Enrichment) Draw & label 

slides of leaf cells 
Concept Development: Write photosynthesis 

formula on board in segments and explain 

Reinforcement/ReviewrChapter Checkup 
Reinforcement/ReviewtSkills Worksheet- - 
Sequence steps of photosynthesis 
Reinforcement/Application :{Optional) Find 
pictures, identify, label parts of a 
plant from which each food comes 




4:Using the Energy 
in Food 




Concept Development: Write formula for 
resoirationon boa^rd in RAmnf>nt^a 
explain 

Reinforcement/ReviewKIhapter Checkup 


xvG in £ ore emen c / iipp x 3.C a cxon : 
Take -Home Sc ience 
Worksheet 


5 : Produc ing New 
Plants 




Concept Development: Draw & label pistil 
(flower examinationactivity) 

Reinforcement/ReviewKIhapter Checkup 
Rein f or cemen t /Re v iew :Vocabu la ry Wor ksh e e t 


Concept Development : 

(Optional) 

Research report on 

hayfever 
Concept Development: 

Skills Worksheet- - 

Observation and 

Inference 



Q Note: Assignment labels (Motivation; Concept Development; Reinforcement/Review/Application) are those given in teacher's guide 
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Tbtal: 20 



10 assigiiBents 



Chapter 


HOW KNOWIiKDGK IS USED IN WRITTKG ASSIGNMBSTS 
Elicit Prior Knowledge Coneolidatei^ Reviev l^ovledge Seforsoilate& Bxtead S^Ksnrledge 


1: Introduction 


**Writeown definition of food, 
♦♦Writedown own ideas about how 

plants get food. 
♦♦Writedown own ideas about what 

kind of food plants use. 
♦♦Draw arrows on diagram to show 

food movement in plant. 




♦*Itow would you change your 
definition of food? 

♦♦Use definition of food to explain 
why you could not live on water 
and vitamin pills alone. Use 
scientific definition of food to 
explain whether dirt is food for a 
baby if the baby eats dirt. 


2: Using Experiments 
to Find Out About 
Food for Plants 


♦♦Make predictions about weight of 

child, food, and soil. 
♦♦Predict what will happen to 

seeds planted in soil, given 

water, kept in dark. 
♦♦Predict what will happen to 

grass plants in dark, in sun. 




♦ *Answer question about Van 

Helmont's experiment: Is soil food 

for plants? 
♦♦Use the scientific definition of 

of food to answer the question: 

Are minerals food for plants? 
♦♦When a plant is looking dry and 

wilted, what do you do to help it? 

Does this mean that the water is 

food for the plant? Explain. 


3: How Plants Use 
Sunlight to Make 
Their Own Food 


♦♦Draw arrows on diagram to show 
food movement in plant. 


♦♦Fill in chart to check 
understandingof the leaf 
factory. 


♦♦Use the idea of photosynthesis to 
explain experiment with grass 
seeds . 

♦♦Use the idea of photosynthesis to 
explains situations. 


Knowledge Abou t 
Food For Plants 




♦♦Fill in chart comparing food 
for humans and food for 
plants. 


♦♦Use key concepts to explain 5 

situations. 
♦♦Review and change original defini 

tion of food (from chapter 1) ; add 

to explanation. 
♦ ♦Draw arrows on diagram to show 

food movement in plant. 



O Key: ♦♦ Specif ic writing tasks students are directed to complete in workbook 



Figure 3: Contrasting Learning Processes in Curriculum Materials 



Rgure 3a: The Learning Process in 
'Activities of Green Plants' Materials 



Figure 3b: The Learning Process in 
"The Power Plant* Materials 
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rh«B« II study at Currloultm K«t«rl«I« Anslyalo 



A. 0Q&L8 

^* •Utad In t«xma of itudrnt 

outco^i? Are my Important goia. otlttod? As • Mt, «re th« goals 

^* ^??S;4il!?"5* concn>tU4a undaratandlng and Mghar order 

•pplicatlooa of contact? 

3, '^J^at axtaot doaa attainMnt of knovladga ooala l^iy loamlna 

""l .tructur«l around k.y idaaa iTaddltlSrtS th. 

laamln^ of facta, ooncapto, and prlnciplaa or o«naralltatlocwi7 

^* *!1!I!UI5* ^ rijlatlonahlpa batvMm and ajaong ooncaptual (propoaltlonal) . 
procaduraX, and ooodltlenal knovladgo goala? iprojwaicionaij , 

knowladga goala addraaa tha atratagic and 
aatacognltlva aapacta of procaaalnp tha knovladga for JaninoT 
oryanl.inc It for riu-barinsy, and accaaalng Ufor appUcaS^nT 

«• What attltuda and dlapoeltlonal Qoala ara Includad? 

7. Ara oooparatlw laarnlng ooala part of tha curricului? 

8. DO tha autad goala claarly drlva tha curnculim (contact, activltiaa 
.aaip»jnta, avaluatlon)? Or doa. it app^ that^th.^.^ 
Uata of •ttractlv. f^aturaa baing claiMd for tha curSculuTor pSat 
facto ratlonallaatioo, for dacialono Mda on aoM othar baaia? 



COVmr &RUICTZC3B 

1. Olvtn tha ooala of tha currlculua, la tha aalactlcn of tha contact 

co*«ract iind approprlatar la thara ooharanca acroaa unit, ^nd^rada 
iSS'L^ISS!)*^' quaatlon. m thla aactlc« ahould bTinmraSS XJTtha 

^rll^ the natur. Of tha dl«:lpllna frc« vhlch 

diaoiSll^ oootact aalactloc rapraaact tha aubatanea and natura of tha 

^tSt'lH^Savil?^*'^'^ faithful to tha dlaclpllna fro« vhlch tha 
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4. 



SlT^^^iinS" P~c«Jur.l eo-««lc«t."^5i5rt'SrSk.r. of 

To «t»t axttnt van Hf, «ppUc«tlon» uMd •■ • orlMrtoo for ««t««t 
ho» th. vorld «ork« «nd how It flot to b« that way «iiph..U.d7 

fax»»l«dj. IB ..injMd? AT. ..8u»ptlonii 3u.tlfl«17 
SU^S?Si; ' >^*cti^ mkSrS. lik.ly .liaSt 

.iStSs:r5i:^*rs:::/'to^':L.T'"^^^^ 

Arj^«.^jny provl.lon. for .t«l«,t <Uv,r«lty (cultur.. oender, r«c. 

C. OWTMT OtaUnCLATIOW AMD aWMciM 
tIC!?!? ^* «>h.r«>c. acroii unit» and grad. 

«r,'^I!,^!3'r"-i' *^ ««t«>t oiy«nl««l in natwrlt. of InforMtloo 

?A. SHo^SnSr'*' "Pr..«t th. .ubatanc and natur. ot 

^t2t*lS*Si«S?'*^""'" *° <"»«lPlln« vhlch th. 

^t?^*1^*^'J^i!:"'?'l?^P ooncptual (propo.ltlon.1} . 

S^^i^lnS^ Proclur.1 taovl«lg. «««mlcat. aSSTth. „.tin of 

' . ■ or hiararchlcal aaquanca laooaad <m tJia <vvt 

i?!^*'** I'V'l aH>«:t.7 Mhat ar. th. id^antaoiT.,^^ 

i'o'jf si^r::.^'^,'*^'" '^'^ :s;«*ri'c:s'th,t 
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o. covrjucr xzpiacATXoai ik tw T»rr 



1. !• topic tTMitxcnt «i>prtjprl«t«? 

a. Is ooot«nt prManUtlon clMr7 

prior knowl«Jc?#. «P^l.nc*, and li,t«^t7 Ar* m.^ti^. •ooiriJtr? 

t^i ***;^Wroprlat©, 1. th«r. an «ph«sls on .urf.clna. ch«ll«oglna, 
*nd oorr«3tlng atudant Bl«ocnc«ptloni7 ••'W"i»# 

S« Is th« t«xt stntoturvd around k«y ld««87 

•^^^y^t baty#«» thMiw/kay IdM. u.ad to introduce tho 
?2 ^? : ^ ''^^^ orv*nlMtlon oi: thm ».ln body S «aS«r.l? iind 
tha polnf focUMd on In .i»m«rl#4 and rwvlav qu..tlon; at anSJ 

to k^lSSli;*''"*''"'^ formatting u.ad to call .ttaotlon 

to aSdSJt"^'^*"''' Ta'link. batv^ action. ^ unite m^. ^udt 
4. Ara attactlva rapr«Mnt«tlona (a.g., axanlaio. analooiaa dlaorMu 

iman wroprlat*, ara oonoapta r^raaantad In »ultlpla vaya7 

wtiJw'^"''"*"'^""' """^^ thlnklno .bout th* 

d. Do r«pr««Mttatlon« provld. tor Individual dlft«r«nc«.7 

9. pictur.., dlKfrau, photo., .tc. an uaad, ara thay llkaly to 

pro^ta undarat^vll,^ of kay Ida-, or hav. thnr baan l^.i^IS^ol oth« 
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*■ iJl,*^^"li"'Jr*!**^°"' batora, during, or .{tar tha taxt7 Ar« 

7. «naa akilla .ra Inoludad (a.o.. up akilla). ara thay uaad to axtand 

undaratanding ot tha oontant or juat addad in7 To wK.rI**.In*. 4^.^i. 

iSrjn^^-r^*^ ^thin bollJtlc ipScmon'^L^JtUa' Jlth^'" 
than laolatad aa practlca ot Individual akllla7 

^ S2^J5S"JtI2f*^i^;L'5"^N' ^th a-phaai. not only 

MiirTJS^VSI^ 2^?^^ ralavant ccoditional knovladga 

if;^*::^::^:^'^^^^^ ba u-ad, and on tha -tacognltiva^Xct. 



^IJ! 4 JT* ' ^ch«-«tulant and atudanfatudant diacouraa ^ra called 
for in tha r^oom^^ activitiaa. and by vhoci ara thS/tobJ LiJSaS^^ 
to vhat axtant doaa tha raccMMndad diacouraa focua W^i^*ll^mS!r«i 
topica. ^da participation by many atud^r^S^^IoS: ^.m^J 
hlghar ordar procaaaing of tha oontant? ^-^^aiv lor 

2. Wiat are tha purpoaaa o£ tha raoonandad forma of diacouraa? 

tLA ^ cl«rlfication and juatlficatlon of idaaa, critical 

s^'^diii^ou'^iai^ ""•"^^ - p«*>i— ivii^;; pJ^?^ 

^inc2^t^!L•3i^l!!^**^»,^^T4^^^ opportunltlaa to axplora/a^lain 
^SrSSlrr^r'SSlli ^l^'^^, ^-^"^ dlSouraar^hat la 



3. Who or what stand, out aa tha authority for knowing? la tha tait «« Jv 
t«k«, a. tha authorltatlv. and coaplati currlculu^or a. a .taSrUna 

"l^.d7 ' «Pl"..tlona/ld..a .«) ^.ryday ^ 

*■ actlvltlaa induda opportunltlaa for atudanta to mt.raot 

with each othar (not Juat tha taachar) In dl«niaalona, dabataaf 
oooparatlva laamlng aotlvitlaa, ate. 7 o««taa. 
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oo-unlc.Ung their und.r.Undlna of th. oontSw 

l!i^^d1rr "^oJ*"'"- '"-"^ lnt^.tlo« lit. luetic of 

-.out .s<.ia^:'prjn;;::,:^:-s;;^"j^-j^^ ...u^tia:^ 
t~oh.r or .tud«.t <iu«.tionrti:t';5i;'^;^tr'i^*c^j"-^ 
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" ::5^'uftiS;is:i-e.irror'::s"^^^ - «-t 

Ji^.oJ^tX^'"' "'•I to „«,uil.. 

^•P^ttS;::!* *° •='=«H>ll.h>-„t Of .ttltudln.1 or 

c. AT. th«r. att«>pts to a,—,, Mfaicofliiltiva goali? 

d. M»r« r.lw«t. It concptual ch«)oo «..e..«d7 

but .till°a;k]Srf^a^r^Ill,',Tc"7'' "'^'^ production for-. 



B. DZKSCTZOVS TO TH« TEACHZS 

th. «>d8l fo,t.r high« ord.r toiS^n^'*"' *° 
2. 'iV> vhat utMtt doM th. curricula, cca. with «l<«ii.^,> «i.4~... 
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4. 



. foll« «p oo t«t «t.rt^^rM^^.SjS^ .l-»r.t. or 

«..lCT»«nt., p«for»«K:* on twf, or oth«r SSSSSi 
Ar« su9CMt«d matarialft «ce»»lbl* to th« t«ch«r7 
this currlculua sffectlvaly?^^ •ViaxTO ror ti» tMdisr to 
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